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 MicroRNAs (miRNAs) were fi rst described 
in 1993, 1 and by 2006 their discoverers 
were awarded the Nobel Prize in Medicine. 
miRNAs are endogenous, small,  noncoding 
RNAs that regulate gene expression in 
eukaryotes (including plants and animals). 
Th ey are involved in almost every  biological 
process, including deve lopment, cell 
diff erentiation, and proliferation, but also 
in pathological conditions such as  cancer. 2,3 
So far, more than 700 distinct miRNAs 
have been described in humans (miRBase 
database,  www.mirbase.org ), although it is 
not clear whether all of these miRNAs 
are functionally relevant or whether some 
are mere degradation products. It is 
estimated that at least 30 – 50 % of all human 
genes are post-transcriptionally targeted 
by small RNAs. 4 Therefore, the entire 
transcriptome of individual cell popula-
tions is influenced significantly by this 
regulative mechanism. 
 The coding strands for the primary 
miRNAs (pri-miRNAs) can be found 
throughout the genome. They can be 
located in long mRNA-like noncoding 
transcripts. However, they can also be 
located in introns (or even exons) of pro-
tein-encoding genes. Th is can be impor-
tant in the genetic modifi cation of animals, 
such as deletion of exonic and / or intronic 
sequences. If the deleted part of the gene 
of interest coincidentally also contains 
miRNA-coding sequences, expression 
levels of all mRNA transcripts targeted by 
these miRNAs will be aff ected (that is, 
rise) and possibly contribute to the phe-
notype of the animal. Similarly, expression 
levels might change when noncoding 
mutations are coincidentally introduced 
into a miRNA target site within an endo-
genous gene or transgene. 
 Th ere are at least three diff erent classes 
of miRNAs with distinct mechanisms for 
their biosynthesis. Th e classical ( ‘ canoni-
cal ’ ) pathway for miRNA biosynthesis is 
highly conserved in animals and is prob-
ably the best understood. It involves the 
generation of approximately 22-base-pair 
miRNAs, processed from hairpin RNA 
precursors by the action of two RNase III-
type proteins, Drosha and Dicer, which 
are expressed ubiquitously throughout the 
body ( Figure 1 ). 
 Drosha is localized in the nucleus and, 
together with the RNA-binding protein 
DiGeorge syndrome critical region gene 
8 (DGCR8), forms the microprocessor 
complex. Th is complex recognizes miRNA 
hairpins in the primary transcripts (pri-
miRNAs) and cleaves each hairpin from 
its base. 3 The resulting pre-miRNA is 
exported actively into the cytoplasm. 
Within the cytosol, the remaining loop 
structure of the pre-miRNA hairpin is 
cleaved off  by Dicer and its cofactors. One 
strand of the mature miRNA duplex is 
loaded into the miRNA-induced silencing 
complex (miRISC), a macromolecular 
complex of the Argonaute-family pro-
teins. 2 Th e loaded RNA strands then func-
tion as a guide for the miRISC to mediate 
degradation or to inhibit translation of the 
target mRNAs. 
 Th us, Drosha and Dicer are both RNase 
III enzymes that function in a stepwise 
manner in canonical miRNA processing. 
However, there is evidence that both 
enzymes have additional functions. 3 Th ere 
is strong evidence that some miRNAs — 
so-called mirtrons — bypass Drosha cleav-
age by pri-miRNA splicing. 3 Dicer, on the 
other hand, is also important for the 
processing of small interfering RNA 
(siRNA), an alternative pathway for the 
synthesis of small RNAs. 3 
 In 2008, three independent groups 
analyzed a podocyte-specifi c knockout 
of Dicer, which resulted in proteinuria, 
foot process eff acement, and glomerular 
basement membrane abnormalities 
approximately 2 – 4 weeks aft er birth. 5 – 7 
These experiments strongly suggested 
that the observed phenotypes are caused 
by the global loss of pre-miRNA process-
ing in podocytes. 
 Zhdanova  et al. 8 (this issue) investigated 
whether disruption of canonical miRNA 
processing, or possibly other functions of 
Dicer (siRNA processing; see above), 
resulted in the reported phenotype. For 
this purpose, the authors targeted a sec-
ond essential component of canonical 
miRNA processing: Drosha. In the fi rst 
part of their study, Drosha was deleted in 
constitutive NPHS2-Cre mice, in which 
the target gene is excised during the capil-
lary loop stage of glomerular develop-
ment. 8 In addition, the authors also 
deleted Dicer by the same strategy 
to compare the resulting phenotypes. 
At birth, when deletion of Drosha was 
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initiated, the animals did not yet show a 
phenotype. Podocytes were fully diff eren-
tiated, and the fi ltration barrier was intact. 
About 2 weeks later, loss of the diff erenti-
ated podocyte phenotype was observed, 
with foot process eff acement and loss of 
primary processes, loss of podocyte marker 
proteins, and nephrotic-range proteinu-
ria — that is, a phenotype similar to what 
has been observed aft er the loss of Dicer in 
podocytes. 5 – 7 Th e authors note that the 
observed phenotype resembles collapsing 
glomerulopathy, with collapse of the capil-
lary tuft  and signifi cant proliferation of 
epithelial cells within Bowman ’ s space. 
 In order to test whether canonical 
miRNA processing is also important for 
normal podocyte function, Zhdanova  et al. 8 
deleted Drosha in adult mice using an 
inducible transgenic NPHS2-rtTA mouse. 
Again, after about 2 weeks, a pheno type 
similar to collapsing glomerulopathy 
was observed, with total loss of podocyte 
diff erentiation. 
 Th is interesting study shows several major 
fi ndings. First, miRNA processing is essen-
tial for maintaining the diff erentiated phe-
notype in podocytes — in both newborn and 
adult mice. It is possible that the inducible 
model of Zhdanova  et al. 8 off ers the possibil-
ity of resolving the question of which target 
genes need to be suppressed to obtain the 
fully diff erentiated podocyte phenotype. 
 Second, it is notable that inactivation of 
both Drosha and Dicer produced similar 
phenotypes. This shows that canonical 
miRNA processing is probably more impor-
tant in podocytes and that other, more 
specifi c functions of Drosha or Dicer are 
not so relevant or could not be identifi ed. 
 Th ird, the phenotype took about 2 weeks 
to develop, which is somewhat longer than 
expected. Gene inactivation usually occurs 
within 24 – 48 hours after induction with 
doxycycline (our unpublished observations). 
In addition, the half-life of most mature 
miRNAs within the RNA-induced silencing 
complex is estimated to be about 14 – 24 
hours. 9 Unfortunately, Zhdanova  et al. 8 did 
not verify whether deletion of both Drosha 
alleles in the podocytes was successful. Nota-
bly, Drosha expression levels are stabilized by 
a feedback loop of miRNAs. 10 It is possible 
that the observed phenotype might also be a 
hypomorph, that is, the consequence of a 
partial loss of Drosha function. Nevertheless, 
the fact that deletion of Drosha and deletion 
of Dicer resulted in similar phenotypes 5 – 7 
provides strong evidence that inactivation of 
the target proteins was achieved. In addition, 
when analyzing miRNA expression in laser-
capture-microdissected glomeruli 4 weeks 
after induction of the Drosha knockout, 
Zhdanova  et al. 8 found signifi cant diff er-
ences in at least ten miRNAs. 
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 Figure 1  |  Role of Drosha in canonical microRNA processing. After transcription by RNA 
polymerase II, the resulting primary transcripts — primary microRNAs (pri-miRNAs) — are 
recognized by the microprocessor complex (the RNase III enzyme Drosha and the RNA-binding 
protein DiGeorge syndrome critical region gene 8 (DGCR8)). This complex cleaves the microRNA 
(miRNA) hairpins (pri-miRNAs) from their base. The catalytic subunit of DGCR8 recognizes the 
unique features of the pri-miRNAs and directs Drosha for cleaving. The now generated pre-
miRNA ( ~ 30 base pairs) is actively transported by exportin-5 into the cytoplasm in a guanosine 
triphosphate-dependent manner. Next, the pre-miRNA hairpin is cleaved off by the RNase III 
enzyme Dicer and its cofactor, TAR-binding protein (TRBP), to remove the loop structure (dicing). 
One strand of the generated mature miRNA duplex ( ~ 22 base pairs) is loaded into an Argonaute-
family protein complex to form the core of miRNA-induced silencing complexes (miRISCs). 
Finally, miRISCs can lead to RNA degradation or inhibit translation of target mRNAs, guided by 
the interaction between miRNAs and mRNAs. The  ‘ non-canonical ’ pathway of miRNA processing 
(gray) can feed pre-miRNAs in a Dicer-dependent, but Drosha-independent, fashion to generate 
mature miRNAs. This pathway contains mirtrons (short hairpin introns that are spliced, bypassing 
cleavage by Drosha) and other small RNAs that are derived from transfer RNA or small nucleolar 
RNA. The enzymatic activity of Dicer is also involved in other pathways of RNA interference. 
Endogenous or exogenous double-stranded RNA (dsRNA) (from a virus or an experimental 
manipulation) is cleaved by Dicer and can also mediate inhibition of translation or an RNA 
degradation of target RNA via RNA interference by the RNA-induced silencing complex (RISC, 
gray). siRNA, small interfering RNA. 
